The apical sodium-dependent bile salt transporter (ASBT) plays a pivotal role in maintaining bile acid homeostasis. Inhibition of ASBT would reduce bile acid pool size and lower cholesterol levels. In this report, a series of novel arylsulfonylaminobenzanilides were designed and synthesized as potential inhibitors of ASBT. Most of them demonstrated great potency against ASBT's bile acid transport activity. In particular, compound 5g 2 inhibited ASBT activity with an IC 50 value of 0.11 μM. These compounds represent potential cholesterol-lowering drugs.
Introduction
Coronary artery disease (CAD) is a leading cause of death around the World [1] . High levels of cholesterol are one of the main causes of CAD, which greatly increases the risk of formation of plaques and atherosclerosis [2] . As a result, lowering cholesterol is beneficial to the prevention of CAD. Bile acids are metabolites of cholesterol. Bile acids are synthesized in the liver and released into the OPEN ACCESS duodenum after a meal to facilitate lipid absorption. In the ileum, most bile acids are reabsorbed by the apical sodium-dependent bile salt transporter (ASBT, SLC10A2) and transported back to the liver through enterohepatic circulation. However, there is a fraction of bile acids that escape intestinal reabsorption, and are excreted with feces. The loss of bile acid in feces triggers de novo bile acids synthesis from cholesterol in order to maintain the bile acid pool size. This process represents the major route for the elimination of cholesterol from the body [3] .
The argument that the increase of bile acids excretion can reduce hepatic and serum cholesterol was proven by the usage of bile acid sequestrants (BASs) [4] . As one of the most commonly used drugs for treating hypercholesterolemia and hyperlipidemia, BASs bind to bile acids and prevent their re-absorption in the intestine. Although BASs have a good safety record and synergistic effects when combined with statins, they still suffer from poor patient compliance due to their high dosages and bad palatability [5] . Therefore, the development of new drugs with similar physiological response to BASs, but with improved palatability, is in demand for lowering cholesterol.
ASBT plays a critical role in maintaining the bile acids pool size by reabsorbing bile acids in the ileum [6] [7] [8] . Ablation of ASBT function reduces bile acid pool size in mouse. Lower serum cholesterol levels were also observed in humans with ASBT mutations [9] . Therefore, ASBT is an attractive target for developing new cholesterol-lowering drugs [10] . Inhibition of ASBT function can increase bile acid fecal loss, which in turn stimulates hepatic conversion of cholesterol into bile acids [11] . Because ASBT is localized on the apical membrane of the lumen in the ileum, its inhibitors can block ASBT activity without entering the circulation system. This non-systemic character of ASBT inhibitors implies a low risk of potential systemic toxicity and drug-drug interactions [12, 13] . So far, a number of ASBT inhibitors having various structural characteristics have been synthesized. Among of them, three candidates-264W94, SC-435 and R-146224 ( Figure 1 ) were reported to block bile acid re-absorption and reduce cholesterol levels significantly in animal models [14] [15] [16] . In addition, it has recently been demonstrated in a Phase Ⅲ trial that A3309 (Figure 1 ), another ASBT inhibitor, can be used to treat patients with chronic idiopathic constipation (CIC). Baringhaus et al. developed a reliable 3D QSAR pharmacophore model for ASBT and screened a novel compound S-1647 ( Figure 2 ) with considerable inhibition against ASBT (IC 50 : 4 μM) [17] . The simpler structure of S-1647 containing the three benzene rings A, B and C, compared with 264W94, SC-435 and R-146224, attracted our attention. We decided to make structural modifications on S-1647. In this study structure-activity relationships (SAR) of the relative positions of the ring C carbamyl group to ring B were investigated first, leading to three classes of compounds, and then various substitutions of rings A and C were added (Figure 2 ). Our primary objective was to optimize the potency of S-1647 against ASBT and a preliminary SAR was also explored to facilitate the further study of this class of compounds. 
Result and Discussion

Chemistry
The synthetic pathways to this series of target compounds were shown in Scheme 1. Nucleophilic substitution of substituted sulfonyl chlorides 1a-e with various aminobenzoates 2a-c in the presence of pyridine in tetrahydrofuran (THF) gave arylsulfonylaminobenzoates 3a-g. Hydrolysis of the benzoates 3a-g in a NaOH-H 2 O-EtOH system yielded the corresponding arylsulfonylaminobenzoic acids 4a-g. Coupling of the benzoic acids 4a-g with commercially available substituted anilines in the presence of 1-hydroxybenzotrizole (HOBt), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC . HCl) and ethyldiisopropylamine (DIEA) in dimethylformamide (DMF) afforded the target compounds 5a-g. Scheme 1. The synthesis of arylsulfonylamino-benzanilides 5a-g. 
Biological Activity
In vitro inhibitory activity of all target compounds against ASBT was evaluated using a radioisotope-based assay. All the newly synthesized derivatives were initially tested at 10 μM concentration (Table 1) . 2 3-chloro-4-fluoro 95.4 ± 3.3 5b 3 3,4-dichloro 62.4 ± 2.9 5a 3 3-difluoromethoxy 89.0 ± 2.6 5c 1 3-trifluoromethoxy 29.6 ± 3.5 5a 4 3-trifluoromethoxy 83.8 ± 3.4 5c 2 3,4-dichloro 34.8 ± 3.7 5b 1 3-chloro-4-fluoro 66. The results suggest that the activity against ASBT decreased while the relative distance of the ring C carbamyl group to ring B increased. For example, ortho position compounds 5a 1 -a 4 exhibited better activity than the corresponding meta position compounds 5b 1 -b 3 and para position compounds 5c 1 -c 2 , so the carbamyl group in the ortho position with respect to the ring B is preferably for activity. Then, we explored the nitro group position in the ring A, and prepared two types of compounds (Table 2) . 5 3,5-difluoro 21.6 ± 4.1 5d 1 2,4-dichloro 66.9 ± 3.5 5a 6 3-hydroxy-4-methoxy 32.1 ± 3.3 5d 2 3-chloro-4-fluoro 75.5 ± 4.4 5a 7 3,5-dichloro 56.3 ± 2.8 5d 3 3-trifluoromethyl-4-methyl 73.7 ± 3.8 5a 8 2,4-dichloro 99.1 ± 2.3 5d 4 3-difluoromethoxy 58.8 ± 4.3 5a 9 3-chloro 46.9 ± 3.6 5d 5 3-trifluoromethoxy 66.7 ± 3.9 5a 10 3-trifluoromethyl-4-methyl 90.7 ± 4.2 5d 6 3,4-dichloro 73.9 ± 2. The position of the nitro group was considered an important factor in the activity. Apparently, compounds 5a 1 -a 4 , 5a 8 , and 5a 10 with 3-nitro groups showed better activity than the corresponding 4-nitro analogues 5d 1 -d 6 , respectively. Finally, we investigated the R 2 group in ring A, and designed three types of compounds (Table 3) . 1 2,4-dichloro 42.6 ± 3.4 5f 4 3-trifluoromethoxy 25.8 ± 2.1 5e 2 3-chloro-4-fluoro 63.2 ± 3.8 5f 5 3,4-dichloro 20.1 ± 1.9 5e 3 3-trifluoromethyl-4-methyl 57.6 ± 2.9 5g 1 2,4-dichloro 89.3 ± 3.3 5e 4 3-trifluoromethoxy 45.7 ± 3.6 5g 2 3-chloro-4-fluoro 98.6 ± 2.6 5e 5 3,4-dichloro 40.6 ± 2.8 5g 3 3-trifluoromethyl-4-methyl 91.8 ± 3.5 5f 1 2,4-dichloro 21.2 ± 3.0 5g 4 3-trifluoromethoxy 88.1 ± 2.7 5f 2 3-chloro-4-fluoro 59.5 ± 3.6 5g 5 3,4-dichloro 80.8 ± 4.3 5f 3 3-trifluoromethyl-4-methyl 43.0 ± 3. The electronic properties of the R 2 group were also an important factor in the activity. Electron-withdrawing groups exhibited better activity than electron-donating groups. Compounds 5a, 5e and 5g showed better activity than 5f. Compounds where the R 2 group was 3-trifluoromethoxy showed the best inhibitory effect. 2 3-chloro-4-fluoro 3-nitro 95.4 ± 3.3 1.32 ± 0.28 5a 3 3-difluoromethoxy 3-nitro 89.0 ± 2.6 2.84 ± 0.52 5a 4 3-trifluoromethoxy 3-nitro 83.8 ± 3.4 1.23 ± 0.12 5a 8 2,4-dichloro 3-nitro 99.1 ± 2.3 0.37 ± 0.08 5a 10 3-trifluoromethyl-4-methyl 3-nitro 90.7 ± 4.2 1.49 ± 0.09 5g 1 2,4-dichloro 3-trifluoromethoxy 89.3 ± 3.3 0.91 ± 0.18 5g 2 3-chloro-4-fluoro 3-trifluoromethoxy 98.6 ± 2.6 0.11 ± 0.05 5g 3 3-trifluoromethyl-4-methyl 3-trifluoromethoxy 91.8 ± 3.5 0.83 ± 0.11 Finally, the compounds with inhibition rate above 80% were further assessed based on IC 50 values and the results are listed in Table 4 . All of the tested compounds showed considerable activity (IC 50 : 0.11-2.84 μM). Among of them, 5a 8 , 5g 1 , 5g 2 and 5g 3 were more active than the lead compound S-1647. Particularly, compound 5g 2 which had the best inhibitory activity (IC 50 : 0.11 μM) was found to be 14-fold more active than S-1647 (IC 50 : 1.52 μM).
Experimental
General
All melting points were obtained on a Büchi Melting Point B-540 apparatus (Büchi Labortechnik, Flawil, Switzerland) and are uncorrected. Mass spectra (MS) were taken in ESI mode on an Agilent 1100 LC-MS system (Agilent, Palo Alto, CA, USA). Nuclear magnetic resonance spectroscopy was performed using a 400 MHz Bruker ARX-400 spectrometers (Bruker Bioscience, Billerica, MA, USA) with DMSO-d 6 as solvent and TMS as an internal standard. All the starting materials were obtained from commercially available sources and used without further purification, unless otherwise specified. Yields were not optimized.
Methyl 2-(3-Nitrophenylsulfonamido)benzoate (3a)
. To a solution of 1a (5.0 g, 21.4 mmol) in THF (60 mL) was added methyl 2-aminobenzoate (2a, 2.7 mL, 21.4 mmol) and then pyridine (1.7 mL, 21.4 mmol). The reaction mixture was stirred for 9 h at room temperature and then concentrated. To the residue was added water and then 5% HCl. The mixture was stirred for 0.5h and filtered. The filter cake was washed with water, dried and gave 3a as a red solid (74.0% yield); m.p.: 127.1-128.0 °C. 
Methyl 2-(3-(Trifluoromethoxy)phenylsulfonamido)benzoate (3g)
. To a solution of 1e (8.6 g, 33.1 mmol) in THF (60 mL) was added methyl 2-aminobenzoate (2a, 5.0 g, 33.1 mmol) and then pyridine (3.2 g, 39.7 mmol). The reaction mixture was stirred for 9 h at room temperature. To the residue was added water and then 5% HCl. The mixture was stirred for 0.5 h and extracted with dichloromethane. The dichloromethane layer was dried over MgSO 4 , concentrated in vacuo to afford 3g as a red liquid (75.2% yield) that was used directly for the next reaction without further purification.
2-(3-Nitrophenylsulfonamido)benzoic acid (4a)
. To a solution of 3a (5.7 g, 17.0 mmol) in the ethanol (20 mL) was added 10% aqueous sodium hydroxide (12 mL). The mixture was heated to 80 °C for 8 h and cooled to room temperature. The solution was concentrated and dissolved in water (50 mL). The mixture was adjusted to pH 2 with 6 N hydrochloric acid to give a white precipitate. The precipitate was filtered and washed with water to pH 7. The filter cake was dried to give 4a (86.2% yield) as a white solid; m.p.: 219.8-220.5 °C. 
2-(4-Nitrophenylsulfonamido)benzoic acid (4d
General Procedure for the Synthesis of Arylsulfonylaminobenzanilides
To a solution of 4a-g (1 mmol) in dry DMF (10 mL) was added HOBt (1.5 mmol) and EDC . HCl (1.5 mmol). The reaction mixture was stirred at room temperature for 2 h, and then the substituted arylamines (2.0 mmol) and DIEA (2.0 mmol) were added, and then stirred at room temperature for 12 h, poured into ice-cold water. The precipitate was filtered, washed with water, and then recrystallized with ethyl acetate or purified by column chromatography (silica gel) to give the title compounds. 
N-(3,4-Dichlorophenyl)-2-(3-nitrophenylsulfonamido)benzamide (5a 1
)
2-(3-Nitrophenylsulfonamido)-N-(3-(trifluoromethoxy)phenyl)benzamide (5a 4
2-(3-Fluorophenylsulfonamido)-N-(3-(trifluoromethoxy)phenyl)benzamide (5e 4
2-(3-Methoxyphenylsulfonamido)-N-(4-methyl-3-(trifluoromethyl)phenyl)benzamide(5f 3
